Abstract -The objective of this work was to evaluate the natural attack by Acromyrmex crassispinus in initial Pinus taeda plantations without control measures against ants, as well as the effect of defoliation in seedlings of P. taeda. Evaluations of the attack of leaf-cutting ants on P. taeda plantations were done monthly in the first six months, then 9 and 12 months after planting. The percentages of plants that were naturally attacked by ants were registered. The effect of defoliation was evaluated by artificial defoliation, simulating the natural patterns of attack by A. crassispinus on P. taeda seedlings. The natural attack of A. crassispinus was greater during the first months after planting, being more intense in the first 30 days. Artificial defoliation indicated that there were no significant losses in diameter and height in plants with less than 75% defoliation. However, there were significant losses in diameter and height in plants with 100% defoliation, independently of the cut of the apical meristem, and also plant death. The control of leaf-cutting ants in P. taeda plantings, in which A. crassispinus is the most frequent leaf-cutting ant, should be intense only at the beginning of planting, since the most severe attacks occur during this time.
Introduction
In Brazil, approximately two million hectares are planted with different Pinus species. In the South of the country, about 80% of the planted forests consist of Pinus taeda, due to the high productivity and quality of the raw materials (Abraf, 2011) . The implementation of development plans to expand the forest base with fast-growth species contributes to industrial enterprises (Hoeflich, 2004) . However, extensive planting of forest monocultures creates favorable environments for the establishment of insects that can become pests. Among these insects, the leaf-cutting ants are one of the most important forest pests in South America, considering the damage caused in forest plantings (Cherrett, 1986) .
Pesq. agropec. bras., Brasília, v.47, n.7, p.892-899, jul. 2012 Leaf-cutting ants are well known because of their remarkable effects on vegetation as herbivores. They can remove up to 15% of the standing leaf crop (Wirth et al., 2003; Urbas et al., 2007) . The damages caused by leaf-cutting ants in forest plantations are greater in one to three-year-old plants, and, in the first months after planting, the losses from those insects can be irreversible, since seedlings are fragile and more easily injured (Vasconcelos & Cherrett, 1997) .
The damages caused by leaf-cutting ants also decrease the resistance of the plants, which become more susceptible to attacks from other insects (Cantarelli et al., 2008) . Furthermore, there are costs with chemical products for pest control. In extensive monocultures, this control utilizes massive amounts of broad spectrum insecticides that are toxic to other animals and persist in the environment (Ying & Kookana, 2006) .
Acromyrmex crassispinus is the most common leaf-cutting ant species in southern Brazil (Rando & Forti, 2005) , especially in P. taeda plantations located in northern Santa Catarina State (Nickele et al., 2009 ). This species causes high levels of damage, which can be attributed to the number of nests in the area and the high number of plant species that are attacked by those ants (Link et al., 2000) . Therefore, A. crassispinus has a great economic importance in P. taeda reforestation (Lopes et al., 2004) . However, little is known about the damages caused by this species on P. taeda plantations.
A study in Argentina showed that 20.8% of the recently-planted P. taeda seedlings were attacked by Acromyrmex spp. during the first 65 days after planting (Cantarelli, 2005) . However, this percentage of attack included all plants that showed any intensity of attack, i.e., plants partially or totally defoliated. Studies on the attack of leaf-cutting ants on different levels of defoliation in P. taeda plants are still necessary. Knowing the intensity of A. crassispinus attacks in P. taeda plants is extremely important because not all ant attacks necessarily result in plant damage. Moreover, it is possible to optimize leaf-cutting ant control with knowledge of the real damage caused by ants in P. taeda plantings.
The objective of this work was to evaluate the natural attack by A. crassispinus in initial P. taeda plantations without control measures against ants, as well as the effect of defoliation in seedlings of P. taeda.
Materials and Methods
The first experiment was carried out at Rio Negrinho (26º15'16"S and 49º31'06"W, at a 790-m altitude) and Três Barras (26º06'23"S and 50º19'20 In the experimental areas, 4 and 11 nests per hectare were found, on average, in Rio Negrinho and Três Barras, respectively (Nickele et al., 2009) , and no native vegetation was observed among the planting lines in the first month after planting, due to soil preparation for the planting of seedlings.
Based on a preliminary evaluation of the experimental areas, a classification was established according to the natural patterns of attack by A. crassispinus on P. taeda seedlings: level 1, 1-50% defoliation; level 2, 51-75% defoliation; level 3, 76-100% defoliation, without the cut of the apical meristem; and level 4, 100% defoliation, including the cut of the apical meristem. The percentages of plants that were naturally attacked by ants in each level were registered. The percentages of plants killed by ant attack or other factors (drought, stress after planting, and seedling quality) were also recorded.
The evaluations were done monthly in the first six months, then 9 and 12 months after planting. Analysis of variance, followed by Tukey's post-hoc test, at 5% probability, was used to compare the number of plants that were naturally attacked by ants in each month for each attack level and the number of plants killed by ant attack or other factors in each month. The data were log-transformed (base 10) to meet the assumptions of parametric statistics, when necessary.
The second experiment was carried out at São Mateus do Sul (25°58'56"S and 50°23'49"W, at a 766-m altitude), in the south of Paraná State, Brazil, where the planting of P. taeda seedlings was done in August 2007. Artificial defoliation simulating the natural patterns of attack by A. crassispinus on P. taeda seedlings was done to evaluate which of the previously described attack levels caused damage in P. taeda plants. The experimental defoliation levels considered were: level 0, control; level 1, 50% defoliation; level 2, 75% defoliation; level 3, 100% defoliation, without the cut of the apical meristem; and level 4, 100% defoliation, including the cut of the apical meristem. The artificial defoliation was done in the plant starting from the basal to the apical leaves. The leaves were cut by hand with hand pruning shears. The leaf-cutting ants were controlled in this area by applications of granulated baits, and the plants were 30 days old when the experiment was done.
The experimental design was a randomized complete block, and artificial defoliation was done on 20 plants for each attack level. Twenty plants that did not suffer defoliation were selected as the control (level 0). Each plant was numbered and identified with a defoliation level. One planting line was used for each attack level, and the defoliated plants were equidistanced from each other by 12.5 m in each planting line. The distance between each attack level was 2.5 m.
The assessments were done every six months, measuring the collar diameter of the plants to 5 cm above ground and the height of the plants until they were 36 months old. Analysis of variance, followed by Tukey's post-hoc test, at 5% probability, was used to compare the growth of the plants defoliated at different levels. The data were log-transformed (base 10) to meet the assumptions of parametric statistics, when necessary.
Results and Discussion
The percentage of plants attacked naturally was higher in the first months after planting in Rio Negrinho (Figure 1 A) and Três Barras (Figure 1 B) . In Rio Negrinho, the largest percentage of attacked plants was observed in the first month after planting, and attacks in levels 1, 2, and 3 occurred in approximately 7% of the plants in each level. Level 4 occurred in approximately 3% of the plants in this period (Figure 1 A) . Subsequent evaluations showed that the percentage of attacked plants decreased in all levels of defoliation. In Três Barras, the percentage of attacked plants in the first month after planting was 1.5, 2.7, 9, and 0.5% of the plants, for levels 1, 2, 3, and 4, respectively (Figure 1  B) . The subsequent percentages of attacked plants decreased, except in the last evaluation, in which there was an increase in the percentage of attacked plants in levels 1 and 2. Level 4 was significantly more intense in the first month after planting and occurred during the first four months after planting, in both experimental areas. In a study in Argentina, 20.8% of the recently-planted P. taeda seedlings were attacked by A. heyeri and A. lobicornis, during the first 65 days after planting, but there was a reduction in the herbivory rate along time, as observed in the present study (Cantarelli, 2005) . In another study, more than 50% of the needles of P. contorta were harvested by leaf-cutting ants in northern Patagonia, Argentina, and there was a complete defoliation of seedlings (Pérez et al., 2011) .
The plants killed by ants were totally defoliated in the present study. The total percentage of plants killed by ant attack was 4.41 and 7.51% per hectare in Três Barras and Rio Negrinho, respectively (Figure 2 ). The mortality of plants killed by ants was significantly higher in the first two and five months after planting, in Rio Negrinho and Três Barras, respectively. The total percentage of dead plants due to other factors was 2.06% in Rio Negrinho and 3.65% in Três Barras, and was significantly higher in the first two months after planting. In the state of São Paulo, Brazil, one old Atta nest can kill 5% of a six-year-old Eucalyptus plantation and 10% of an eight-year-old Pinus plantation every year (Amante, 1967) . A single colony of Atta leaf-cutting ants caused 48% of conifer seedling mortality and reduced growth in 40% of the surviving fraction in a 2.0-ha area in a Venezuelan forest plantation (Jaffé, 1986) .
The largest percentage of attacked plants was observed in the first month after planting. This could be attributed to the fact that the ants did not have any other foraging options in the first month after planting, since there was no native vegetation among the planting lines, due to soil preparation for the planting of seedlings. The percentage of attacked plants decreased in the subsequent months, probably due to the appearance of native vegetation, which offered other forage options for the ants. Therefore, the native vegetation among the planting lines, when not competitive with the cultivated plants, should be maintained, since it supplies food and cover for several natural enemy species and other types of plants that serve as substrate for the fungus cultivated by leaf-cutting ants (Araújo et al., 2003) . Moreover, younger plants are more susceptible to attacks than older ones, as indicated by the reduction of attacks in the subsequent months. The leaf-cutting ants prefer young leaves, because the older ones contain inhibitory substances (Farji-Brener, 2001; Mundim et al., 2009) .
The effects of different artificial defoliation levels, simulating the natural patterns of A. crassispinus attack on P. taeda plants, indicated 100% survival of the plants classified as level 0, 1, and 2 (control, 50% defoliation, and 75% defoliation, respectively). However, level 3 (100% defoliation, without the cut of the apical meristem) and level 4 (100% defoliation, including the cut of the apical meristem) caused 15% of plant mortality in each level, during the first six months. After this period, there was no plant mortality. These results were similar to the first experiments, in which the plants killed by ant attack were 100% defoliated. Approximately 8% of totally defoliated E. grandis plants died (Matrangolo et al., 2010) . A study using experimental defoliations that mimicked patterns of attack by Atta spp. in Brazilian Cerrado tree species also showed that total defoliation caused plant mortality and that plant mortality is higher depending on how many times the same plant is defoliated (Mundim et al., 2012) .
In the artificial defoliation experiments, six months after planting, there were no significant differences in diameter for defoliation levels 0, 1, and 2 (Figure 3 A) . No significant differences were observed between levels 0, 1, 2, and 3 regarding height (Figure 4 A) . Twelve months after planting, there were also no significant differences between levels 0 and 1 in diameter, and the same result was obtained regarding height (Figure 3  B and 4 B) . No significant differences were observed 18, 24, 30, and 36 months after planting in diameter between levels 0, 1, and 2 or in height (Figures 3 and  4 C, D, E, F) .
There was a reduction in plant growth (diameter and height) for plants with 100% defoliation, independently of the cut of the apical meristem. The B, 12; C, 18; D, 24; E, 30; and F, 36 months after planting. Different letters indicate significant differences among treatments according to Tukey's test, at 5% probability. Level 0, control; level 1, 50% defoliation; level 2, 75% defoliation; level 3, 100% defoliation, without the cut of the apical meristem; and level 4, 100% defoliation, including the cut of the apical meristem.
larger the percentage of defoliation, the larger were the losses in diameter and height. This was also observed in artificially defoliated P. taeda and E. grandis when the plants were 30 days old (Reis Filho et al., 2011) . Different levels of artificial defoliation simulating the attack of leaf-cutting ants on 16-month-old P. caribaea also indicated strong tendencies for defoliated trees to suffer greater damage with the increase of defoliation intensity (Ribeiro & Woessner, 1980) . Levels 1 and 2 did not cause significant losses in plant diameter and height. Only levels 3 and 4 resulted in significant losses in diameter and height, and, consequently, could cause losses in wood production at the end of the planting cycle. The mean losses in growth of plants defoliated in level 3, in comparison to the control, were of 17% in diameter and 21% in height, whereas the losses in the growth of defoliated plants in level 4 were of 24% in diameter and 25% in height, when plants were 36 months old. Similar results were found in Argentina, where there was a significant reduction in height and diameter of P. taeda attacked by Acromyrmex spp. The defoliated B, 12; C, 18; D, 24; E, 30; and F, 36 months after planting. Different letters indicate significant differences among treatments according to Tukey's test, at 5% probability. Level 0, control; level 1, 50% defoliation; level 2, 75% defoliation; level 3, 100% defoliation, without the cut of the apical meristem; and level 4, 100% defoliation, including the cut of the apical meristem.
plants, which were 12 months old, suffered losses of 17.3% in diameter and 12.2% in height, when compared to the control (Cantarelli et al., 2008) . Plants of E. grandis lost 18.9% in diameter and 12% in height with 100% defoliation (Matrangolo et al., 2010) . Plants of E. urophyla lost 16 and 42% of wood volume at 4.6 years with a defoliation of 75 and 100%, respectively (Zanúncio et al., 1999) . However, levels 3 and 4 were significantly more common only at the beginning of P. taeda planting. When the plantation was more than nine months old, level 3 was rarely observed and level 4 did not occur (Figure 1) .
The seedlings were artificially defoliated in the first month after planting, since the most severe A. crassispinus attack in P. taeda occurs during this time (Figure 1 ). The attack of leaf-cutting ants in 24 to 36-month-old P. taeda plants is not significantly harmful to plant development (Cantarelli et al., 2008) .
When the percentage of plants naturally attacked by ants was evaluated throughout the year, an increase in the percentage of attacked plants in the last month of evaluation was verified in Três Barras, when the plants were one year old (Figure 1) . However, most of plants showed levels 1 and 2 of defoliation, which do not cause plant damage. Therefore, the A. crassispinus attack that can cause damage to P. taeda plants is concentrated during the first months after planting, with larger impact in the first 30 days. This way, the control of leaf-cutting ants in P. taeda plantings, in which A. crassispinus is the most frequent leaf-cutting ant, should be intense only at the beginning of planting, since the most severe A. crassispinus attack on P. taeda plants occurs during this time.
Conclusions
1. The natural attack of Acromyrmex crassispinus is greater during the first months after planting, with larger impact in the first 30 days.
2. There are no significant losses in diameter and height in plants with less than 75% defoliation.
3. There are significant losses in diameter and height in plants with 100% defoliation, independently of the cut of the apical meristem.
